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Abstract 

A volunne-modulation coloration producing material which is characterized by high contrast, high 
response and excellent durability; a composition including this material; an optical element and a 
method for optical modulation using the composition are disclosed. The volume-modulation coloration 
producing material includes a polymer gel capable of swelling-contracting by absorbing or desorbing a 
liquid when an external stimulus is given, and a pigment contained in the material at a concentration 
equal to or higher than a saturation absorption concentration. The volume-modulation coloration 
producing composition, which includes the volume-modulation coloration producing material and a 
liquid, exhibits a reversible volume change to swell or contract by the application of a stimulus such as, 
for example, heat, light, an electric current, an electric field, change in pH, change in ionic 
concentration, absorption or desorption of a substance and addition of a solvent. The pigment in the gel 
is in a diffused state (a) when the polymer gel is swollen while the pigment in the gel is in a flocculated 
state, (b) when the polymer gel is contracted so that the absorption efficiency of the light of the 
coloration producing material in a swollen state is higher than the absorption efficiency of the light of the 
coloration producing material in a contracted state 
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gt;^g7K50g. LT-^>:*itll^o. 1 fimCDiJ- 

y>909(7t3Etti^) . O.Olg^vSftDL. Itfl^il'&LfcTK 

rgyS^PSL/Co ±fBO;4cy§?S^ y^7;^r7ft^uAft. m 

mm:m\<zx^mm'^m\^^fzm. m^mi^Mx^^h^mm 

T>^-»!7 Al.O g^'^M*. 60t:tcSpgLL-C10S$K^ 

m^^^fo/To S^I^Tfl:. ^*^-^^lS5$L. 

ft, cixtcr^ u;i/^50g. l^^^giji: Lr^-^u>if;^ 
T ^ U ;VT ^ KO. 1 g is J: c;^^®*50 g . is J: t/r ^ U 

)\^m^u»^m^'t^tzi!b\.z:i^m'\t'r v u ao. i4g( 

ik. mmmr>^^^M.o.2 g^muLtzo m^m^i 
mmmWiL. 7^'))vr^ vy)i^\izr^') )^m^A^Wi 
^^^iz^m ' mm^-^fz^k. eovizijmt. lom^s. 
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Ti^^zmirmm^-^fzo ?ujt. \ox:izi^if^W'mmm^ 

m50^(om\:m%hfLfzo c:oS-?^-^?mjS(o.20 g 
/I) r*^tf;*c^tS:?a^PML. C.tt^7fe^Miciri05^7t 
lSS^Mffl-t;vtcAtt. 20t;( Bm^) ii^rfsoXli JR 

^?ftS<^^ft{iWiew-e^)i9. 100 mm^i&Lxi,^it 

[0 0 5 1] mmm5 

^feS*-7-y^^S^=^o. ig =&7KKfti- ^ ') ^^yi^mWi 
(1.0X10-3 iTDi/i ) 30gti53't^$-^fca^t/^M^L 

^ify:^^^m^200iun(o:^^-'^-xmm^m^'^xM 

i2fz't)vmz^^^xLxm^^i'fmLfzo ^(d^. m^^m 

m^miLxiiim±w^mLtz^^mx^ ^ . umm^- 
m^xi)^fzo 

[0 0 5 21 Z(7)^n't—^(Dl'KWyZ:^^^T'mK^j:^ 

^±^mvi'rht. mm^. mm^m^mmz^itLtzo 
^ Yv^ir-Y^mmx^fzit^m'&mm.xm'm.'f^t. 

^^it<n^M^iti\U'^\5%i}-hmWo\z^itLX^^^h:i 
}ii)mUXbfzo tfz. iim^±i6^. 

immmiAz^ y)mLfz'iki>i^ h^it-r ^ c ^ -h^ti: < 
x\§i^mm^'€^in zti^mmx^tzo 

[0 0 5 3] ^commenJtJnUJ:^^a§7fcl:cO^>fb^8l^ 50 
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T7fei]ft«s&^75^'^<ti-^ - 1 xm^itm-tmit-f ^ ^ t 

it^mi'tLxmmx^^hz.t ^ tzo 
[0 0 5 41 %mm 6 

^\-u<^\^^(nm\: <t o xmitrnM^ ^ ^-r^^^T ^ i':^. 

^<5r';^e^o.5 g^^®*30gti:^t;c$ii:riS^^-y;v 

^mm^^fz^^^^m^mmhfzo 20cm^. I?.^3nm 

U^-^^fflv^T. 5fetl|^^Lfc^fea^tf^*tJ50/i m 
J?c^T-^^Ly::f^, U^\zy^^-^^f^j§LLfzmm^WL 
KTX^^^ty^. ^mU^m±MX^ic\^fzo wCOf^ 

L. 20t:iaT'eMfetr^*?. ^t'^^m^L^j:\^^i)K 25 

m^^Lfzik^ i^hmt-t ^^t t^^j: < ^^X^ o fzo 
prSfe:^ * (^r-S) ^ ii^ht^-o fzo 

[0 0 5 5] itSc^J 

fZo CO»fee?-<7)^7K®7Kiii^^300g/g'e^-:5 
T^Co :*:*JT-^ip H^YL :^^^^?#^JOrS^JDic J: o T ¥ 

"^mms^mm. i-^*?*>. ft:® 125 fggS<7)^ 

[0 0 5 6] CcO^feiS^^-T-y^Vt^T-^-^^tffi (2.0 

g/ 1) x^hi^^WimwL^mmi^. cm^^i^gicm 

WAm. i3J:C/«a<7)^^y^iDLpH3.0OKtttzpM 
J^fSB#^)am^V>Ttltl:feV^X^|^1.6-e*>J} jrt 

^ i3 r ^ ®« wxas ^ jffi X. -c v/^ i6 r-^) ^ c: 

tt^^<Dm^Xh^t^^hfi^o Lfzi}^^X. if^n 
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[0 0 5 7] 

[Ml] :^^m(r>^'&U^<Dm'^WM^MmLfziy<D 10 

mi] 



(a) 




20 

111121 :^mM(Dyt^mf'<oiti't L^--%m<o^m^ 
1 0 ^^^i- 

1 2 ^»=^Y)^^(OWLWm^^ 

1 4 Tfc 
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2 6 X-^-^J— 
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